
4 ----.,-..

C
~ . +---+- ,

r-l

RESEARCH MEMORANDUM
ADDITIONAL RESULTS IN A FREE -FLIGHT INVESTIGATION OF CONTROL

EFFECTIVENESS OF FULL-SPAN, 0.2-CHORD PLAIN AILERONS AT

HIGH SU SSONIC , TWONIC , AND SUPERSONIC SPEEDS TO

DETERMINE SOME EFFECTS OF WING St’TEEP~_CK, ASPECT

RATIO, TAPER, AND SECTION THICKNESS RATIO

By

Carl A. Sandahl and H. Kurt Strass

Langley Memorial Aeronautical Laboratory

NATIONAL
FOR

Langley Field, Va.

ADVISORY COMMITTEE
AERONAUTICS

WASHINGTON
April 23, 1948

=+VDEN.IIAL



—.. Q
“= --- .-, . . .+=-

..——. .—,, .~r .=. . . . . . . ..-. .m’—~.. ,“>_, .-, -.., ..-. . ..
. . . . . . . . . .. . . .

.&. - ,---

+.

.,.,
?s. .

. ..-.
~. ..-
,. :!

-+
+&..= -“- ~
.= -. .

.. ...

=-
—.
..”

:::.. . . .
=,

-... . . . .. . .. .
.--1

,. .-.
y—- -*

..-. — .-*. .. “--*A. . . . ..... ...’
.

.,
,...—
-e
*,

...
. ..;
L. ,

.,.

-. .

+-4+.. .. .’

A
;& -----

. . . ..-.

..-
.’44“.’~,.
..

●✎✎ ✌ ✎✌✎ ✎✎✝

✍✜ ‘.-

% . --- ... ~-. ----- ..*. -- ——--— _-Q _

..

.———L———— .—

—.. ..—-..

“a–z,?+
.s. ,.

..—

.1 .-. . . , = .. L.- ---

—:.. .——

K “1 — .—.-
~-..’- . . . ...+-.. . . . . . . . .. . . . -. -.=..-

. . . . . . . . . ~ “’’”
,,,,,,, *,,,,1Ittt$@f.. ‘“f

.!) 3s.:: : u.’::.:”’*.’:!..”:: “+1 :.’:::<.: =“’01,’..”...””” “

*, . ...gRi”o~”o~”0;

,.-..:
.+.-- _.

.-.2 .
.-
&_.

.<,.

,Z
.,.

- .

. e.

=.

+------- ..----- L-m

... ,. .. . . . . . -
..- . m= . . . . . . ..-

3

. . .. ..—

-..
.-.=
>.

.&— .-.

.-

+

,--

—

,“.

.-
—



.-

.
NACA RhfNO. Lml dwEEmm?~

NATIONAL ADVISORY COMMITTEE FOR AJ3RONAUTICS

TECH LIBRARY KAFBr NM --

Illlllllrlllllllllll;lll[llllllll-““
lllJ43’lbl

RESEARCH MEMORANTXJM

ADDITIONAL RKSULTS

EFFECTIXQ!iESSOF

IX A FREEH’LICHT lIWESTIGATION OF CONTROL

FuI&sPAN, o.24HORD PLArN AILERONS m

.
HIGH SUBSONIC, TRANSONIC, AND SUPERSONIC WEEDS TO

DEIE3LDE SOME EFFECTS OF WING SWEEPEACK, ASPECT

RATIO, .TATER,AND SECTION THICZWESS WTIO

By Carl A. Ssmdahl ad H. KiurtStrass

SUMMARY

An aerodynamic-control+f fectiveness investigation using free-
fllght, rockqt-~ropelled test vehicles is being conducted by the
Pilotles6 Aircraft Research Division of the Ls@Ley Me?norial
Aeronautical Laboratory. Additional results have been obtained
recently which indicate some effects of wing sweeyback= aspect ratio,
taper ratio, and section thiclmess ratio on the rolling effectiveness
of plain full-span, 0.2-chord, sealed ailerons.

!l+eresults of the present investigation are summarized in the
following paragraphs.

For all configurations tested, the aileron rolling effectiveness
at supersonic speeds was markedly lower than at subsonic speeds. The
configurations having unswept wings experienced em abrupt loss of
aileron rolling effectiveness in the Mach number rsmge from about 0.85
to 1.00. Wing sweepback either reduced or eliminated this abrupt
loss of aileron effectiveness.

The wing-aileron rolling effectiveness was considerably higher
for the lower-aspact+ratio configurations than for the higher.

At zero sweep, tapering the wing reduced the loss of aileron
rolling effectiveness in the Mach number rqe from O.@ to 1.0 snd
increased slightly the supersonic rolling effectiveness. With 45°
of sweepback, tapering the wing resulted in a small loss of control
effectiveness in the Mach number rsmge from 0.9 to 1.0 which was not
obtained for the comparable untapered ting.

At
to 0,06

zero sweep, reducing the section thickness ratio from 0.09
improved the aileron effectii%ness characteristics in the
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Mach number range from 0.85 to 1.0. With wing sweepback of 4s0, a
corresponding reduction in section thickness ratio did not materially
tifect the aileron effectiveness chuacteristics as a function of Mach c-:

number.

INTRODUCTION

At the present time there exists a need for experimental data —

relating to the design of aerodynamic controls for piloted.and
pilotless aircraft which ere to be flown at transonic and supersonic
speeds. Of the several experimental methods nuw a~ailable for obtaining
this tyye of information, techniques utilizing rocket-propelled test
vehicles in free flight afford the possibility of obtaining some of the
desired measurements continuously over the Mach number range from subsonic
to supersonic at relatively large scale. As a result, the Pilotless
Atrcrtit Research Division of the Langley Memorial Aeronautical Laboratory
is engaged in an investigation the purpose of which is to provide
experimental idormation relating to aerodynamic control effectiveness
at high subsonic, transonic, and supersonic speeds using rocket-propelled
free-fli@t test vehicles. The exploratory phase of this program is
being conducted with the RM+ test vehicle with which data relating to G
the rolling capabilities of wing+ileron combinations are obtained.

.

The RM+ is a relatively simple test vehicle consisting of a
pointed, cylindrical body at the rear of which are attached wings having
pre-set, fixed, aileron-t~e controls. In flight the rolling velocity .

produced by the ailerons is measured by means of special”radio equipment.
The flight-path velocity is measured with Doppler radar. These measure-
ments, in conjunction with atmospheric data obtained with radiosondes,

—

permit the evaluation of the wing-aileron rolling effec~iveness as a
function of l.kchnumber. The measurements obtained permit the direct
evaluation only of the rolling capabilities cdlwi-ileron cumbha-
tions; however, it is possible to obtain general qualitative informaticm

..

with regard to aerodynamic control effectiveness. A con@ete descrip-
tion of the RM-5 testing technique is given in references 1 and 2.

In addition”to the description of the R&5 testing technique,
references 1 and 2 contain data obtained in previous RM-~ launchings
which indicate some effects of wing sweepback, taper, aspect ratio, and
section thiclmess ratio on the rolling effectiveness of plain, sealed,
full-span, 0.2-chord ailerons. The purpose of.the present reyort is
to present data obtained in recent R&j launchings which indicate some

—

additional effects of wing sweeplack, taper, aspect ratio, and section
thiclmess ratio on the rolling effectiveness of the aforementioned wi~
aileron configuration. All “ofthe control-effectivenessdata yresented
in references 1 and 2 are included in the present report.

.

.

-+
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win@lp helix single,radians

rolling velocity, radians per second

diameter of circle swept by wing tips, feet (with regard to
rolling characteristics, this is considered to be the effective
spem of the threefin R&5 models)

flight-path velocity, feet per second

drag coefficient based on total exposed wing area of 1.563 sq ft

Mach number
.

sweepback of X-percent-chord line of wing

sweepback of leading edge of wing

sweephack of trailing edge of wing

diameter of circle swept by wing tips minus fuselage diameter

exposed area of two wing psmels

exposed aspect ratio &/SJ

wing taper ratio (et/cr)

wing chord at side of fusslage

wingytiy chord

aileron deflection measured in ylane perpendicular to chord
plsme and parallel to model center line

AJ?PARATUSAND T5EYl?S

Test Vehicles

The general arremgement of the RM+ test vehicles used in the
present investigation is shown in the drawing of figure 1 and the
photographs of figure 2. The models are constructed mainly of wood

—

for ease of construction and lightness. The
at the wing attachment where spruce is used.

body is of balsa except
The wings are constructed



of laminated spruce with steel stiffeners cyclewelded Into the u~per and
.

lower wing surfaces to provide the required torsional rigidity. (See —,

fig. 1.) The degree of wing torsional rigidity required.to tinimize
the adverse effects of wing twisting on the rolling yowgr of the

.

ailerons has been detezmiinedby flight tests of two IU4+ configurations
which were identical except for the degree of W@ torsional rigidity.
These tests, which are reported in reference 2, indicated that the loss
of aileron power due to wing twisting has been reduced to the extent
that the main aerodynamic effects exe not obscured.

The configurations for which results sre presented in this report
are given in the table in figure 1. b all tests, the body shape, the
exposed wing area (225 sq in~ and the control (0.2c, full-sIan, plain,
sealed aileron) were constant. It was intended that the aileron
deflections for all the configurations reported herein would be 5°,
however, because of difficulties in construction and because the
ailerons were not adjustable, the actual deflections varied from 3.0°
to 6.0°. The airfoil sections and the control deflections were always
measured in the free-stream direction. !I!heaileron, which was formed
by deflecting the section chord line at the 0.8c pdint, simulates a
sealed, faired, plaln aileron in actual airplane or missile constnction. —

The test vehicles are propelled by standerd 3.2>inch aircraft rocket
motors which are contained within the fuselage. The rocket motor develops
a thrust of 2000 pounds for about 1 second. Hc@e of the test vehicles
used in recent launchings were boosted by means of the booster arrange-

*

ment shown in figure 3. A photograph of a test vehicle_with its
booster on the launching remp is shown In figure 4. The unboosted
test vehicles attain a Mach number of about 1.3; the boosted test

●

vehicles attain a Mach number of about 1.7.

Test Method

The actuel launching of the test vehicles is accomplished at the
Walloys Island test facility of the Pilotless Aircrtit Research Division
of the Iangley Memorial Aeronautical Laboratory. The t%t vehicles are
launched from a rail-t~ launcher at an elevation smgl.eof shout 75°.
The test measurements are obtained during a 12-second period following
rocket+otor burnout during which period the flight lath is essentially
strai@ as shown by the calculated flight paths of figure 5. h
flight, the rollhg velocity produced by the ailerons and the flight-
path velocity of the test vehicle are obtained as time histories. The
rolli~velocity data are obtained by mesns of a special radio trans-
mitter (spinsonde) in the nose of the model. The flight-path velocity
is obtained by means of continuous+m.ve Doppler radar. These data, in
conjunction with atmospheric data obtained with radiosondes at the time
of launching, permit the evaluation of the rolling effectiveness of the
particular win~ileron configuration under Investigation in terms of _“

—
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the paxameter8
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2V %
as a function

5

of Mach number. k addition,

. the veriation of drag coef~iclent with Mach number for the test vehicle
is obtained by a method involving the differentiation of the curve of
flight=path velocity against time for power+ff fli@t. The relatively
large scsle of the tests is indicated by the curves of Remolds number
against Mach number shown in figure 6. The Remolds number is based on
the average eqosed chord pamdlel to model center line.

Accuracy

pll/z?v
Determination of ~- The following factors are considered In

a pb/2V
estimating the accuracy of the detezmdnation of r:

the accuracy

of model construction, the limitations on the instrumentation, and the
effects of finite rolling moment of inertia.

The accuracy of model construction as indicated by results obtained
with supposedly identical models is such as to result in one case,

pb/2T
models 53a and 53b, in variations in ~ as kl?ge”as 0.002. However,

in the ma~ority of cases for which results for identical models are
plJ/2-v

available, the variations in — due to discreyncies in the models
Ba

are considerably smsller.

The accuracy of the measurement of the rolllng velocity p and
the fllght-path velocity V is estimated to be within the folJowing
limfts:

P, ~.5 radians per second

V, k5.O feet.per second

Using the above velues, the mexi= error in

to Instrumentation is estimated to be within

the quantity
pb/2V
— due
ba

*0.0005.

It should be noted, as pointed out in reference 1, that owing to
pb

the relatively small rolling moment of inertia the values of ~

obtained during flight ere substantially steady-state values even though
the model is experiencing an almost continual rolling acceleration or



.

.

deceleration.
pb

Except for abrupt changes in ~ such as occur for

model ~Oa in the Mach number range from O.~ to 1.00, the correction
.

for steady+tate conditions is less than H percent. The plus sign
applies & the test vehicle is experiencing a rolling acceleration and

—

the minus sign applies if the test vehicle Is experiencing a rolling
—

deceleration at any Instant. For abrupt ch~es h ‘~
2V

such as occur in

the Mach number range from 0.85 to 1.00 for model 50a the correction is
estimated to be &20 percent. Inasmuch as the correction to steady-state-
conditfons involves an estimation of the damping in roll which cannot
now be determined with sufficient accuracy at transonic speeds, no

correction has been applied to the measured values of
pb

3

Determination of ~.- The drag coefficient is calculated by a

process involving the graphical differentiation of the c&ve of flight-
path velocity against time obtained with continuous+rave Doppler radar. —

The resul.thg longitudinal decelerations during the period after rocket- .
motor burnout can be more accurately determined for the large ve3ues of
decelerations and bag which occur at supersonic speeds than for the
smaller decelerations end drag forces encountered at subsonic speeds.
The error in hag coefficient is therefore tier at supersmic speeds
than at subsonic speeds. The accuracy of the drag coefficient is
estimated to be within the following limits: supersonic speeds, kO.002;

.

subsonic speeds, kO.003.
.—

Detezndnation of &ch number.- The accuracy of the Mach number
determination is within @.01.

RESULTS AND DISCUSSION

The results of recent
pb

figure 7 as curves of ~

These results ere combined

in figures 8 through u as

- test vehicle launchings me presented

and drag coefficient against Wch number.

wfth results presented in references 1 and
pb/2Y

curves of ~ and drag coefficient

in

—

2

—
“a pb/2V is

against Mch numler. It should le noted that the quantity ~
.-h n

simply the ratio of g to Sa for a particular ba;it Is n~t to be

considered as the uniform rate of change of = with ~a inammzch as—> Otr
the variation of ~ with

number ranges.

c!.

8a may not be linear over certain Mach
. .

.
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Aileron Control Characteristics

7

. Effect’of sweepback.– The effect of sweepback on the rolling
effectiveness of plain, 0.2-chord, full~yan ailerons is shown in
figures 8(a) ti 8(b) for asyect ratios of 1.75 snd 3.~, respectively.
For both aspect ratioq, wing sweepback of 30° reduced the abrupt loss
of aileron effectiveness characteristics of the unswept wings in the
Mach number range from approximately 0.85 to 1..00. I&much as the
radar flight-path velocity measurements were not obtained, the flight-
path velocity for configuration 78(b), figure 8(b), was calculated
from kmown characteristics of the rocket motor snd the test vehicle.
It is believed that the estimated flight=path velocit is lower thsm

fpb 2V
the actual velocity and as a result the curve of ~ appesrs to be

@ifted in the direction of lower Mach number. It $ould also be noted
pb/2V

that the measured values of ~ for configuration 79(b) we considerably

lower than would be e~ected onathe basis of subsonic experience
regarding the effects of sweepback on aileron effectiveness. This
discrepszmy in the results is attributed to inaccuracies in construction
which were not detected in the pre–fli@t inspection which is made of
each model tested. Unfortunately the method of testing precludes the
possibility of examining the models titer the test results have been
obtained. For aspect ratio 3.0 and sweepback of 45°, the chsmge in aileron

+
effectiveness over the Jkch number range investigated was gradual and with–
out any abrupt change. With aspect ratio 1.75 snd sweepback of 45°, a
mall change of effectiveness was measured in the Mach number rsmge.
from O.94 to 0.98. At supersonic speeds the sweptback configurations
generaUy retained a larger part of their subsonic rolling effectiveness
than did the unswept configurations. Increasing the Mach number from
1.0 to the maximum attained in the tests, resulted in a gradusl reduc–
tion of aileron effectiveness with no abrupt changes for all configura–
tions tested.

It is interesting to note that sweepback does not simply delay to
a hi@er Mach number the abrupt changes in aileron characteristics
obtained for the unswept wings in the Mach number range from 0.85 to 1.00,
but rather that sweep reduces or eliminates these adverse aileron
characteristics which, when they occur, me l~ted to the ~ch n~ber
range from about 0.85 to 1.00. .

Effect of aspect ratio.– Some effects of aspect ratio on the
rolling power of the win&aileron configurations being investigated are
shown in figures 9(a), 9(b), emd 9(c). These data show that at super-
sonic Mach numbers the aspect ratio 1.75 configurations efiibit CO*
siderably higher roll~ffectiveness characteristics than do the
aspect ratio 3.0 configuraticms. h the vicinity of Mach number 1,
the lowe=spect%atio confi~ations develop a larger part of their
subsonic rolMng effectiveness than do the higher-aspect-ratio

~ZllZ-.



configurations. For a#pect ratio of 1.75 and_sweepback of 45° the
rolling effectiveness in the vicinity of Mach number of 0.97 actually
increases slightly with Mach number while the corresponding configura-

pb/2V
tion of aspect ratio 3.0 efiibits a smooth v~iation of_ -~ over

the same Mach nuniberrange.
a

Effect of taper.- The effect of wing taper on the aileron charac-
teristics is shown in figureslO(a) and 10(b) for swepback angles of 0°
end 4500 With zero tieep tapering the wing reduced the loss of aileron
control effectiveness in the Mach number range from O.@ to 1.00 and
increased slightly the supersonic rolling effectiveness. With 45°
sweepbac~ tapering the wing resulted in a smalJ loss of=control effec-
tiveness in the Mach number renge from 0.9 to 1.0 which was not obtained
for the comparable untapered wing.

Effect of section thickness ratio.- The effect of section ~lckness
ratio on the rolling characteristics of the wi~ileron configurations
being tested is shown in fi@resll(a) and n(b) for sweep singlesof 0°
and 45°. At zero ~eep reducing the section thickness ra.tiO from 0.09
to 0.06 decreased the severity of the loss of aileron effectiveness
at transonic speeds end increased somewhat the Mach number at which
the aileron experienced a loss of effectiveness. With 45° of sweepback
the 0.06- and O.@-thickness-ratio configurations have generally the
same rolling characteristics except at the highest Mach “numberswhere
the reduced effectiveness of 0.06-thickness-ratio conf@uration is
attributed to greater wing twisting. Rough ceJculations have indicated
that the 45° swept wing of 0.06 section thickness ratio--isthe only
configuration for which the ting torsional stiffness was not sufficient
to reduce to a negligible amount the effects of wing twisting on aileron
rolling effectiveness. With 45° of swepback, the 0.12–thichesa-ratio
configuration eihibited a small loss of ailerr~neffectiveness in the
Mach number range from about 0.89 to 0.96 and a lower rolling effec-
tiveness at supersonic speeds than the 0.06- and 0.09-tQiclmess-ratl.o
configurateions. The aforementioned loss of aileron effectiveness for
the 0.12–thickness-ratioconfiguration is partly attribtitedto the
aileron deflection which was only 3.5°; the aileron effectivene~s is

.

-. --

—
—

—

- ..

—

—..

——.
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probably

The

not linear with deflection In this Mch number range.

Drag Measurements ..—

tia~oefficient data obtained in the present investigation
are included-as a matter of interest and to illustrate the relation ..—

between transonic drag rise and control effectiveness. rn examining
these data, consideration shtid be made of the section-”angle-of-ttack
distribution along the wing span caused by model rotation. ‘Thetrends . .-
of the results, however, are In agreement with the res~ts of the
free–fli@t rocket-propelled drag investigation described in reference 3.
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It is interesting to note that the configurations which exhibited abrupt
changes in control effectiveness at trensonic speeds also efibited the
largest drag fncreases at trsnsonic speeds.

There appears to be a consistent discrepancy between the drag velues
measured for the boosted emd unboosted models. For example, in figure 7(a)
the drag”of a boosted model, 59b, is lower than that for the equivalent
unboosted model, 59a. This discrepancy may be a result of differences in
the shape of the model at we extreme rear tien the booster fittings are
installed. (See fIgs. I and 3.) A new booster system which has been
devised for use fn future tests will not slter the rear end of the model
and will probably eliminate these discrepancies.

The following conclusions re~ding the aerodynamic control
effectiveness of plain, sealed, 0.2*hord, full-span ailerons are indicated
by the free-fli@t tests of win@body combinations reported herein:

1. For all configurations tested, the aileron rolling effectiveness
at supersonic speeds was markedly lower than at subsonic speeds.

2. The configurations having unswept wings experienced en abrupt
loss of aileron rolling effectiveness in the Mach number range frcm
about 0.85 to 1.00. Wing sweepback either reduced or eliminated
this abrupt loss of aileron effectiveness.

3. The ~ileron rolling effectiveness was considerably higher
for the kwemas’pect=ratio configurations than for the higher.

k. At zero sweep, tayering the wing reduced the loss of aileron
rolling effectiveness in the Wch numiberrange from O.@ to 1.0 and
increased slightly the supersonic rolling effectiveness. With 45°
of sweepback, tapering the wing resulted in a small loss of control
effectiveness in the Mach numiberrange from 0.9 to 1.0 which was not
obtained for the comparable untapered wtng.

5. At zero sweep, reducing the section thichess ratio from O.09
to 0.06 tiproved the aileron effectiveness characteristics In the
Mach number ramge from 0.85 to 1.0. With wimg sweepback of 45°, a
corresponding reduction in section thiclmess ratio did not materially

.



affect the aileron effectiveness characteristicsas a.-functlonof Mach
number; however, wing twisting effects become apparent above a Mach
n@er of 1.15 for the O.O&thiokness-ratio configuration.

Langley Memorial Aeronautical Laboratory
National Adviso~ Committee for Aeronautics

Langley Field, Va.
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